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Abstract—The azalca lace bug secretes a clear fluid from secretory setae on
the antennae and globulated spines on the dorsal and lateral aspects of the
abdomen. The secretion contains 2-alkyl-S-hydroxychromones, the corre-
sponding chromanones and diketones, and straight-chain aldehydes and ke-
tones.
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INTRODUCTION

Nymphs and adults of the iace bug Stephanitis pyrioides (Scott) feed on the
undersides of azalea leaves. In spite of the gregarious feeding and social habits
of lace bugs (Drake and Ruhoff, 1965), neither parasites nor predators of nymphs
of S. pyrioides have been reported. There are incidental reports of predation of
Stephanitis species by an occasional hemipteran (e.g., Johnson, 1936}, but Shee-
ley and Yonke (1977) failed to find any significant numbers of either parasites
or predators for seven species of Missouri tingids. Although defensive sub-
stances associated with lace bugs have not been reported, it is known (Living-
stone, 1978) that nymphs secrete a clear, slightly viscous fluid from setae or
hairs that are generally distributed lateraily and dorsally on abdominal protrub-
erances as well as on segments of the antennae. These microdroplets are sup-
ported and remain in place on the end of the hairs {Figure 1). We here report
the identification and synthesis of the major chemical constituents of secretions
of nymphs of S. pyrioides.
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Fic. 1. Exuviae of 8. pyrioides fourth instar with tubercles (scoli) with globulated spines

METHODS AND MATERIALS
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Fig. 2. Reconstructed ion chromatogram of compounds secreted by S pyrioides. The
components assigned numbers were positively identified and are described in the text and
in Scheme 1. Structurcs of the components assigred lowercase letters have not been
confirmed but had been tentatively proposed tc be: a, octanal; b, nonan-2-one; ¢, 2-
heptyl-5-hydroxychroman-4-one; d, 2-heptyl-5-hydroxychromone; ¢, 2’,6’-dihydroxy-2-
octanoylacetophenone; f, unidentified; g. dioctyl phthalate.

RESULTS

A reconstructed ion chromatogram of the nymph exudate is shown in Fig-
ure 2. Decanal (1) and undecan-2-one (2) were initially identificd by computer-
selected matches of their mass spectra. The data system suggested 2’ 4'-dihy-
droxyacetophenone as a likely structure for the next compenent (m/z 152, 137).
However, comparison with authentic (the 2 4'-,2',5'-, and 2’.6'-isomers were
available from the Aldrich Chemical Company), showed that the secreted com-
pound was in fact the 2’,6'-isomer (3). The three later-cluting major compo-
nents 4-6 were unknown, but their mass spectra indicated molecular weights of
290, 288, and 306, respectively (molecular weights of 4-6 were confirmed by
chemical ionization mass spectrometry using both methane and ammonia as
reagent gases); furthermore, an intense ion at mlz 137 (dihydroxybenzoyi?) in
the clectron impact mass spectrum of each suggested that all three were related
to or derived from 3.

Both chromones (Eguchi, 1979; Ellis, 19772) and chromanones (Van de
Sande and Vandewalle, 1973; Ellis, 1977b) are known to undergo facile reverse
Diels-Alder fragmentations upon electron impact; thus a 2-alkyl-S-hydroxy de-
rivative of either ring system might be expected to produce a mass spectral
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from wet methanol to give 0.21 g of 3, mp 51-52°. ["HINMR (CDCl,) & 0.88
(t,3H), 1.29 (m,14H), 2.55 (m,2H), 6.09 (s,1H), 6.63-7.63 (m,3H), 1245
(s,1H).

As has been discussed by Elis (1977d) and others, hydrogenation of the
2,3 double bond of chromones is slow, and competitive reduction of the carbonyl
often occurs. To obtain chromanone 4, hydrogenation of 5 (Pd.C, Et0Ac-EtDH,
1 atm) was followed by periodic gas chromatographic analyses until the relative
concentration of 4 no longer increased. Silica gel chromatography (hexane with
increasing increments of benzene) then gave a pure sample of di-4 (eluted with
60-80% benzenc) that was an oil room temperature but formed a white solid at
0°. ['"HINMR (CDCly) 8 0.89 (t,3H), 0 (n,16H), 269 (d, J = 7 Hz, 2H), 43
(m,1H), 6.3-74 (m,3H), 11.65 (1H). Gas chromatographic retention times and
mass spectra of synthetic 4-6 perfectly matched those of the insect-derived ma-
terials. In addition, 5 and 6 were further confirmed by RP-HPLC; 4 was not
detected in this particular sample.

A somewhat less laborious and more guantitative method of collecting the
material was to simply dip the nymphs and/or their cast moult skins in a vial
containing dichloromethane. However, such solutions were usuatly contami-
nated with varying amounts of additional compornents including saturated hy-
drocarbons that may have been of insect cuticule origin. From 25 cast skins
from fifth-instar nymphs, we extracted an estimated (by GLC) total of 18 pg
5 + 6, i.e., ca. 0.8 pg/nymph. The average live weight of fifth-instar nymphs
was determined to be 0.38 mg; thus 5 and 6 seem {0 constitute approximately
0.2% of their body weight.

Compounds 1, 4, 5, and 6 were readily discernible by GLC in nearly all
samples examined, whereas the concentrations of 2 and 3 seemed somewhat
more variable. Some cyclization of 6 to 5 was found to occur during GLC anal-
yses; this was not a problem during HPLC analyses, however, and the latter
demonstrated that both compounds were present in all insect-derived samples
examined. The minor compenents indicated by lowercase letters in Figure 2
were 1ost in the baseline noise of many of the samples, and these compounds
have not been investigated in detail. Their mass spectra are strongly suggestive
of a homologous series of compounds with the alkyl groups shorter by two car-
bons.

Compounds 4-6 have not previcusly appeared in the literature. We consid-
ered the possibility that the insects were obtaining them from the azalea leaves,
but we have no evidence that this was the case. Extraction of freeze-dried azalea
leaves followed by column chromatography and GLC analysis of fractions with
TLC Rys corresponding to those of 4-6 indicated that measurable amounts of
4-6 were not present in the host plant. However, we have not ruled out the
possibility that they might have been present as conjugates. In one case, we
examined the secretion of a group of nymphs of S. pyrioides found locally on
an ornamental rhododendron (Rhododendron catawbiense “Boursault,” i.e., a
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different species of host plant). The composition of this secretion was indistin-
guishable from that derived from the nymphs feeding on azaleas.

We believe that this constitutes the first identification of tingid exocrine
compounds and the first report of either chromones or chromanones from in-
sects. Studies on the function of these compounds are in progress as are inves-
tigations of secretions of additional species of lace bugs. Our preliminary results
suggest that the rhododendron lace bug, Stepharitis rhododendri (Horvath),
produces a mixture that contains diketone 6 and several rclated compounds. In
contrast, those representatives of the Corythucha genus thus far examined [C.
cydoiae Fitch (Hawthorn lace bug}, C. arcuata Say (Oak lace bug), and C. uimi
Osbornie and Drake (Eim lace bug)] have been found to produce a series of as
yet unidentified compounds related to cach other but apparently unrelated to
those found in the Stephanitis genus.
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INTRODUCTION

ot 5) for boll
Since Keller et al. (1962) reported the presence of feeding mﬁp.BmWaﬁ@mmoM,\mﬁnn
”s\mo,\:m Anthonomus grandis Boheman {Colcoptera: 058:9:. mﬁ%mﬁ.‘_n denti-
wx:,mn?w of cotton squares, considerable work has been done towar
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